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I  INTRODUCTION

-
~  The camera experiment controller interface provides communications
between an HP9845 desk-top computer and a digital camera instrumentation
set. It is used with two cameras in separate experiments. One camera
is in an underwater housing used for measurement of beam spread
function. The second camera is used aboard the vessel at the output
focal plane of an optical spectrograph. The digital camera set includes
the 100 x 100 pixel digital Beticon camera with its RS250 controller,

 the ITT microchannel plate (MCP) image intensifer with its electronic

#—~gate” or shutter, and a Craflex strobe light source*. The interface
sends all the electronic signals needed to control the fnstrumentation
set. The HP9845, in turn, programs the interface with the timings
required for the desired experiment. The HP9845 also reads out image
data stored in a 16K x 8-bit memory in the interface. Thus, two
independent levels of operation take place in the interface: control of
the camera experiment; and data communication between the HP9845 and
digital camera. Both levels of operation are discussed below. ,,

A. Interface Control of Reticon Instrumentation Set

The three experimental instruments to which the interface is
directly connected are a Graflex strobe unit, an ITT MCP image
intensifier and a Reticon RS250 camera controller. 1In addition, the
interface monitors the output of a photodiode "light meter” that
provides a measure of illumination level for control of camera
exposure. The interface can gsend the following signals to the following
instruments :

Instrument Signal
Graflex Strobe Fire strobe (~150 V)

ITT Image Intensifier Gate on (+5 V)/Gate off (0 V)
Intensifer Gain (0 - +10 V)

Reticon RS250 ESTART (begin frame acquisition)
ECLK (external timing signal)

#The strobe light source is used for beam spread function (BSF)
measurements. In the case of the Fiber Optic Spectrometer System for
Underwater Measurements (FOSSUM), this stroboscopic light source is not
used.

. 9(0 .

.
o,




2

= "“a. o
‘{.{ JRPLPEN -

% 1

£y

AL

.

s"ﬁ_ l' 5 .. *

R T B Iy oy sy

To send these signals at the appropriate times, the HP9845 loads
information into eight registers (Reg 0-7) of the interface. During
experiment control, the interface examines each register once per
microsecond to determine if any signals need to be sent. Reg. 0
contains an 8-bit number which sets the gain of the image intensifier.
Reg. 1 18 a cutoff value to protect the image intensifier from over-
exposure conditions. When the product of the intensifier gain (Reg. 0)
and the digital value of the photodiode "light meter” mentioned above
exceeds the value stored in Reg. 1, the experiment is automatically
turned off. The other six registers (Reg. 2-7) contain a time in
microseconds at which an experimental function should occur. Each
microsecond these registers are compared with the experiment clock and a
function is executed when the register value equals the experiment clock
value. The functions of these six registers are listed here:

Reg. Function
2 ESTARTL - time at which first (dark) image frame is
acquired. This frame 1s used to clear the data
memory.
3 Intensifier Gate On - time at which the intensifier

gate is turned on.

4 Experiment Reset time - time at which the experiment
clock 18 reset and starts counting up again. This
time cannot exceed 16.5 seconds.

5 Strobe Start Time - time at which the strobe is
fired. Typical strobe duration in 3 ms.

6 ESTART2 - time at which the second image frame 1is
acquired.

7 Intensifier Gate off - time at which the intensifer

gate is turned off.

There are two rules which govern the execution of any of Reg 2
through 7. Pirst, the experiment clock starts with a value of 8
microseconds, so any register which has a value less than 8 will never
equal the experiment clock value and, therefore, never initiate an
execution of a function. The register values should never be 0. The
second rule is that if all six timing registers are less than the
experiment clock value the experiment execution automatically stops
after a single execution of the experiment.
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-§ Some examples will show how this experiment control works. Suppose

. the experiment is to set off the strobe and record a picture (single-
frame mode). The registers could be loaded with the following values:

X

=3 Reg. Value

= 0 Arbitrary (decided by light level)

\;3

:? 1 Arbitrary

»
R

<
N

ESTART1 - 10 us

“

™, 3 Intensifier on - 11000 us

Eg 4 Reget time - 6 us (not executed)
;S 5 Strobe start time - 11001 us

6 ESTART 2 - 15001 us

g 7 Intensifier off - 15000 us

o Using the two rules listed, it can be seen that a frame will be acquired
e starting 10 us to clear the CCD array. It should be noted that it takes

y 11 mgec to transfer an image from Reticon tp HP9845. When the CCD is
clear, the intensifier will be turned on and the strobe flashed. The
image of the flash will be recorded 15 ms later, right after the
intensifier is turned off. Note that since the reset time is less than
e 8 us, it 1is not executed. Therefore, when the experiment clock exceeds
all the register values, the experiment stops.

= Now suppose a continuous frame mode were desired, with a frame to be
X! recorded every 50 msec. The registers would be set as follows:
=3
N
N Reg. Value
ﬂ;
" ‘:
0 Arbitrary (depends on light level)
;g 1 Arbitrary
) 2 ESTART1 - 6 us
5
E» 3 Intensifier on - 2000 usS
¥
) 3
2]
1%}

L
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4 Reset time -~ 50,008 us
7 5 Strobe start time - 2001 us
= 6 ESTART2 - 5500 us
fé 7 Intensifier off - 5450 us
5 In this second example, it can be seen that the ESTARTl command is never
3 executed and that the process repeats every time the experiment clock
o reaches 50008 us. The process will stop only when the HP9845 resets the
Firs interface.
b Another feature of the interface is the recording of the photodiode
N “light meter” data value in the 16K memory of the interface. When the
! interface 1s not recording image data, it continuously places the

photodiode value into a known memory address. When the strobe function
e in Reg. 5 is executed, the photodiode values are recorded every 8 us

" into an array in the memory. This allows the acquisition of a time
history of the ambient light level. Since other procedures permit the

» strobe to be fired without the cawera taking a picture or the

&) intensifier being turned on, it is possible to find the light level to
2N which the intensifier will be exposed without turning on the camera

{& intensifer. The following register values permit use of the photo diode

as a light meter:

P&

*
; Reg. Value
0 0
o
23 1 0
“ 2 ESTARTL - 2 us
- 3 Intensifer on - 2 us
i: 4 Reset time - 2 us
3 5 Strobe time - 10 us
o
]

A
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2 6 ESTART2 - 50,000 us
->‘ - .
H. 7 Intensifier off - 2 us

e
set At

’

The interface register values can be reset while the experiment
clock is running. This would allow, for instance, modification of the

pl

s, intensifier gain during image acquisition.
’ The interface also has an external synch switch and connector. When

2 switched on, the experiment clock will not commence until the synch

<4 connector receives a "true” level TTL signal longer then one

] microsecond.
"

%
- B. HP9845 Communication with the Interface

é; The HP9845 presents 16 output lines to the interface and receives 16
f: inputs lines from the interface via the HP98032A 16-bit interface. The
B interface provides the proper signals to “"talk™ to the HP9845. The

= words which the HP9845 sends to the interface contain imstructions and

data. The lower order byte contains data (when applicable); the high

& order byte contains 8~bits of instructions for the interface. The high
4é order byte looks like this:

R 3: -

e

X

Bit Instruction
% 15 Load data from HP to latch
% 14 Load data from latch to HP (with bit 8 on, set up for
DMA)

g{ 13 Load data from register to latch

o 12 Load data from latch to register

- 11 EXECUTE EXPERIMENT

A

3

“
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Bit 12 or 13 on Bit 14 on Bit 15 on

MSB Register Latch Byte 3 Latch Byte 3
Register Latch Byte 2 Latch Byte 2
. LSB Register DMA

The instruction set above allows the HP9845 to move data a byte at a
time through a 24-bit wide “"latch™ into one of the interface's 8
registers (Reg. 0-7). It fills the latch with three low-order data
bytes then fills one of the registers with the latch. The instruction
set also allows the HP9845 to read any of the interface's registers.
This is accomplished by loading the latch with the desired register and
then reading out the latch to the HP9845. Since the latch is 24-bits
wide, it takes three reads for the HP9845 to completely read the

latch. After the registers have been loaded with the proper timings and
values, the experiment will start when the interface recieves a word
with bit 11 onm.

The image data and the time history of the photodiode are
transferred to the HP9845 via DMA. First the HP9845 must send a word
with bits 14 and 8 on. It must next input in DMA format 10,010 or
16,384 words. 10,010 words are input when only the image is desired;
16,384 words are input when the photodiode time history is desired as
well. The value of the CTLO line in the HP98032A interface determines
how many words will be input. DMA's may occur while an experiment is
taking place, but recording image data takes priority over the interface
memory. Data transferred via DMA has only the low-order byte valid.

The following subprogram illustrates the four basic operations—
loading the interface registers (cf., "Hp to registers”), reading the
interface registers back into the HP (cf., 'Registern to_hp"), starting
the experiment (cf., “Execute”), and reading in a picture via DMA (ef.,
'D-q_picture ). “Two subprograms also convert real variables with
tinings stored in thea into integer variables that can be sent to the
interface and vice versa.
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o 3958 REN
e 3960 REN

i 3970 REM :

B 3960 SUB Hprc(Info,Do_pixel_corrce)
% 399%¢ REN
“ 4000 REM This routine drives the HP98032R interface and talks to the
Y 4010 REM SR] control box, the so-called HPRC. Values of Info cause
@' - 4020 REM different actions to happen.
i 4030 REN .

o 4040 RENM _ Info = § ==> Run Experiment

+ 4050 REN Info = 2 --> Load Timings
e 4060 REM . Info = 3 --> Load Gain
& 4070 REM Info = ¢ ==> DA into Raw_data
ne 4080 REN
?é“ 4890 REM Note that in loading the timings or the gain, this routine

4100 REM automatically recalls the loaded values for verification.
. 4110 REM The recalled values are placed back into Timings and the
24 4120 REM calling routine is responsible for handling an error in

e, 4136 REM Yoading the Timings variables. The Do_pixel_corrct para-
3y 4140 REM wmeter fixes the odd pixels for the SRI camera uwhich s
o 4150 REM wissing output from its odd pixels.
g 4168 REN
- 4170 COM INTEGER Select_code,Rav_datal#),Packed_datac#),Dark_data(#)
o 4188 COM RERL Timings(8),Correct_datale),Vign_datals) :
al 4196 COM Start_times[i14)
gﬁ 4200 INTEGER I, 3 K.First,L.st,Togglc(l‘) Tine(8,3), Hord
4 4210 REAL Test tiuc
:g. 4220 FOR I=0 TO 14
" 4230 9 Toggle(ld=2~]
‘ 4240 NEXT 1
& 423¢ Toggle(15)>=-32768
L 4260 IF Info=1 THEN
= 4270 GOSUB Execute

4200 ELSE

g 4298 1IF Infor=2 THEN

4300 GOSUB Load_! tilos

4310 ELSE ) ,
4320 IF Info=3 THEN e .. .- .. Coe
4330 GOSUB Load_gain ' : SRR - .- v
4340 ELSE _

e 4336 1If Infomd4 THEN

- 43¢0 GOSUB Dma_picture

4370 END 1IF

4300 END IF .

4390 END IF

4400 END IF

4430 SUMEXIT

4420 Execute: |

. ~ 4430 NRITE 10 Select_code,5;Toggle(d)

o 4440 WNRITE BIN Select codc.Togg!c(ll)

= 4450 OUTPUT 9;°R*

N 4460 ENTER 938tars_tines

o : 4470 SUIEXIT

o 4400 Load_timess |

4490 Firsie2

4500 Lasv=?

4310 GOSUB Load_values

4020 SUBEXIT

4830 Load_gain: |

4548 Firssed

4956 Laesvs)

4866 GOSUB Load_values

4570 SUBEXIT

._ coEman, &
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45¥Y Uea picture: |

4590 MWRITE 10 Select_code,S;Toggle(d)

4600 Mord=BINIOR(Toggle(14),Toggle(s))

4610 MNRITE DIN Select_code;ord

4620 ENTER Select codo WDMA 108818 NOFORMAT;Raw_datal#)
4630 WRITE 10 Select code,3;Toggle(d)

4640 IF Do pixe! corrctsi THEN

43S0 roRk 1=0 Y0 99

)

b 4660 FOR J=0 TO 96 STEP 2
o 4670 Raw_data(l,J+1)=(Rav_datacl,J)+Rav_datacl,J+2))>72
gy 4600 NEXT J
: 4690 NEXT I
i 4760 END IF
) 4710 SUBEXIT
2 4726 Load_values: |
oy 4730 GOSUB Timings_to_time
14 4748 GOSUB Hp_tro rogistor

4730 GOSUD Iogistcr to_hp
4760 RETURN

N 4770 Hp_to_register: |
o 4780 FOR TsFirst TO Last
’x 4790 FOR J=0 T0 2
N 4000 " Word=BINIORCBINIOR(Toggle(1S5),Time(I,J>),Toggle(J+8)>)
4 4810 WRITE BIN Select_code;bord
- 4820 NEXT J
a 4830 Word=BDINIOR(1#2~8,Toggle(13))
! 4840 WRITE BIN Select_code;Word
< 4830 NEXT 1
2 4868 RETURN
b 4870 Register_to_hp: |
4880 FOR I=First TO Last
- 4990 Hord=BINIOR(1#2-8, Toggle<12))
5 4900 NRITE BIN Select_code;Nord
N 4910 Hord'DIN!OR(Togglo(14) 709910(9))
Ky 4920 WRITE BIN Select_code;lord
X 4930 J=READBIN(Select codc)
X 4940 Timings<1>=9
4930 FOR K=@ TO 14
& 4960 IF DI1T¢(J,K)=1 THEN Tinings<(1)sTimings<(1)+TogglecK)>
R 4970 NEXT K
B, 4900 IF 3IT¢J,19)=1 THEN Tilings(!)-Tilings<l)02*13
&) 4999 HordsBINIOR(Toggle(14),Toggle(10))
= Seee WRITE BIN SOlcct_;odoaHord
sei1e TiningsC(I)sTimingsC(I)+BINAND(233,READBIN(Select_code))#2~16
o ‘3020 NEXT I
vy S03@ RETURN
A 9040 Timings_to_time: !
! $050 FOR KsFirst TO Last
;’ Seéo Test_tine=sTinings<K)
¥ Seve FOR I=2 TO @ STEP -1
. Sess Tinel(K,1)=0
Y Se9e FOR J=lag+? TO 148 STEP -i
X S100 IF Test_time-2~J>=0 THEN
by S110 Time(K, I)=BINIORCTime<K, 1), Toggtc(:-xoe>>
o) s120 Test_time=Test_tine-2~J
X $130 END IF
S140 NEXT J
S180 NEXT I
8160 NEXT K

S176 RETURN
S180 SUBEND
5196 REN
8200 REM

YA Yy
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